INTRODUCTION
Higher spin gauge theories can be considered as the extension of ordinary supergravity theories by including fields of arbitrarily high spin. This point of view is historically grounded: it is hoped that the natural extension of the supersymmetry of the theory associated with the inclusion of higher spin fields will eliminate all ultraviolet divergences by overcoming the known barrier ᏺ ≤ 8 that motivated the search for theories describing the interaction of fields with the spin higher than that of the graviton [1] . The consistent development in this direction resulted in the creation of higher spin theories for which the following properties are most important (see overviews [2] ):
(i) The presence of the infinite set of massless excitations of an arbitrary spin 0 ≤ s < ∞ [3] .
(ii) Nonzero (negative) cosmological constant Λ ≠ 0 [3, 4] .
The above properties are not completely independent and occur as a consequence of the structure of higher spin gauge symmetries dictated by the corresponding higher spin gauge algebra [3] . The higher spin gauge algebra is the infinite-dimensional non-Abelian (super) Lie algebra containing isometry algebra of anti-de Sitter space ( AdS d ) or its supersymmetric extensions as the subalgebra (see introductory Section 1.2). Gauge fields occurring as a result of the procedure of gauging of higher spin algebra form a sequence of fields of all spins, and the manifestation of a field with the spin higher than two implies the occurrence of fields of all spins up to infinity.
The AdS d geometry occurring as the perturbative vacuum of the higher spin theories has the governing value in construction of the consistent and nontrivial interaction of higher spin fields, since they enable the avoidance of the Coleman-Mandula theorem whose proof is based on the S -matrix approach applicable for dynamical systems only on the background of flat geometry (it is known that the attempt of formulating the S -matrix formalism in AdS d encounters conceptual difficulties in determining in and out states). From the technical point of view, the presence of the dimensional parameter which is the cosmological constant in the theory enables the construction of an infinite number of interaction vertices involving an arbitrary number of fields and derivatives and made dimensionless by negative powers of the cosmological constant. Therefore, passing to the formal limit, Λ = 0 is not defined, which makes the flat geometry background inadequate for the dynamics of interacting higher spin fields. Nonetheless, if the gravitational interaction of higher spin gauge fields is excluded, the examples of consistent cubic interactions of higher spin gauge fields can be constructed on the flat background [5] [6] [7] [8] [9] . The property of the nonanalytical character of interaction of higher spin fields with respect to the cosmological constant most probably means that the higher spin symmetries should be spontaneously violated upon the transition to the flat geometry. In this regard, it is interesting to note a close analogy with the structure of interaction vertices in the string theories where the slope of the Regge trajectory α ' plays the role of the parameter used to make the variables dimensionless. In particular, in the limit of the zero slope α ' ∞ for string scattering amplitudes, there occurs an infinite set of Ward identities, which may be a direct indication of the infinite-dimensional
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It is important to note that higher spin gauge theories are unambiguously defined by the gauge symmetry principle and contain just two fundamental coupling constants, the gravitational and the cosmological constants. In the four dimensions, the dimensionless combination of these constants coincides with the coupling constant in the Yang-Mills sector of the theory. 1 The urgency of investigation of higher spin gauge theories increased greatly after the exclusive role of the geometry of anti-de Sitter space in the vicinity of partial solutions of the superstring theory, and the phenomenon of AdS / CFT correspondence [11-13] occurring on its basis were realized. It is known that the Maldacena conjecture was formulated for the IIB superstring theory on AdS 5 × S 5 with constant 5-form of the RamondRamond field strength in the five-dimensional "volume" and ᏺ = 4 supersymmetric Yang-Mills theory on the four-dimensional "boundary"; this conjecture states the complete equivalence of these theories (isomorphism of the state spaces) for arbitrary values of the parameters of the theory N (the number of "colors"), g YM (the coupling constant in the Yang-Mills theory), R (the radius of curvature of AdS space), T ~ 1/ α ' (the string stress) related as follows: N = R 4 T 2 . At present, all nontrivial tests of the Maldacena conjecture have been performed for large values of the t'Hooft constant N , which corresponds to the strongly nonperturbative regime in the Yang-Mills theory and the quasiclassical description of the superstring theory in the supergravity limit. In spite of the fact that in the opposite regime ( N 0), the theory on the boundary is free, the duality cannot be checked. The reason is that the string theory on AdS space is strongly nonlinear and the analysis of the state spectrum is an unsolved problem [14] .
It was proposed to interpret the theory in the volume which is the string theory with "almost" zero tension in the limit N 0 as some nonlinear gauge higher spin theory of the dual to the free conformal theory on the boundary [15, 16] . This assumption is proved by the results in [17] , where it was shown that the conserving currents, bilinear with respect to the free massless scalar field in d dimensions are uniquely associated with the totally symmetric higher spin gauge fields in ( d + 1) dimensions. It was also shown that the 4 d higher spin conformal symmetry which is simultaneously the higher spin symmetry of AdS 5 fields is realized on supermultiplets of free fields of the boundary theory [18] . Possible correlations of the theory of higher spin 1 In the case of the 4 d higher spin theory, such behavior of the coupling constants is similar to the "gauged" supergravity theories which can be considered as a result of spherical compactification of the 11 d supergravity theory.
gauge fields with the string theory on AdS (in the limit of the zero strength) with the boundary conformal models were intensively studied in [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . It is seen that one of the directions in whose framework a more comprehensive understanding of holographic duality and the string theory itself is possible is reduced to the analysis of (possibly hidden) higher spin symmetries and the study of the corresponding higher spin gauge theories. Obviously, the central problem of the higher spin theory is the construction of the theory of interacting fields of all spins in any order with respect to interaction and arbitrary dimensions. At present, the following nonlinear higher spin theories are known: (i) on the level of action functional in the dimensions d = 4, 5 describing the interaction of symmetric fields in the cubic approximation [4, 33, 88] ; (ii) on the level of the equations of motion in arbitrary dimensions describing the interactions of symmetric fields in any order with respect to interaction [34, 35] .
The reasons why the existing higher spin theories do not go beyond the interaction of symmetric fields, on the one hand, and the cubic approximation (on the level of action functional), on the other hand, are that the consistent formulation of the Lagrangian dynamics of non-symmetric (mixed symmetries) fields on the background of the AdS d geometry was not known until recently (see [92] ), and the attempt to extend the existing mechanism of analysis of the cubic interaction on the level of action functional to higher orders encounters problems which have not been solved yet (see [86] ).
The problem of covariant Lagrangian description of fields of an arbitrary spin propagating on the background of the Minkowski geometry was considered in [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] and in the case of the (anti-)de Sitter geometry in [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] . As was already pointed out above, the interest in such studies is motivated both by the desire to construct the extension of supergravity theories into the region of higher spins, and the desire to understand the most symmetric phase of the string theory. At present, the theory of symmetric fields (massive and massless) is the most well-developed, as compared to fields with non-symmetric representations of the Poincaré groups and ( A ) dS d [37, 38, 41, [53] [54] [55] [56] 59 ]. To some extent, the emphasis on symmetric fields is due to the fact that in the 4 d dimensions the isometry groups do not have mixed symmetry representations. The exception is the theories in which non-symmetric fields are dual variables involved in describing symmetric fields [50, 51, [67] [68] [69] [70] . However, if the number of space-time dimensions increases (beginning with d = 5), isometry groups acquire non-symmetric representations. In the case of Minkowski, space several different approaches were proposed [47, 48, 50, 52, 62] for the description of such fields. In the case of (anti-)de Sitter space, the complete covariant formulation of non-symmetric fields of an
